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(54) Method for recording and reproducing holographic data and holographic recording medium 



(57) A holographic recording and reproducing meth- 
od for recording holographic data in and reproducing ho- 
lographic data from a holographic recording medium 
(300) including a recording layer (1 01 ) in which data are 
to be recorded as phase information of light by project- 
ing a signal beam and a reference beam thereonto and 
an optical modulation pattern (102) periodically formed 
in a direction of a track on a surface located on the op- 
posite side of the recording layer (1 01 ) as viewed in the 
direction of signal beam and reference beam incidence 
on the holographic recording medium (300), the holo- 
graphic recording and reproducing method including a 
step of projecting a light beam for servo control onto the 
holographic recording medium so as to substantially fo- 
cus onto the surface on which the optical modulation 
pattern is formed, thereby generating clock signals in 
synchronism with the optical modulation pattern. 

According to the thus constituted holographic, re- 
cording and reproducing method, it is possible to gen- 
erate accurate clock signals and remove noise super- 
posed on a reproduced light beam. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method for 
recording and reproducing holographic data and a ho- 
lographic recording medium, and more particularly, to a 
method for recording and reproducing holographic data 
and a holographic recording medium which can gener- 
ate accurate clock signals and remove noise super- 
posed on a reproduced light beam. 

DESCRIPTION OF THE PRIOR ART 

[0002] The holographic method of recording and re- 
producing information is known as one method for real- 
izing high-density information recording on a recording 
medium, in an ordinary holographic recording and re- 
producing method, information is recorded by overlap- 
ping a signal beam and a reference beam on the holo- 
graphic recording medium to write the interference fring- 
es formed thereby. The information recorded in the re- 
cording medium can be reproduced by irradiating the 
recording medium with the reference beam. The refer- 
ence beam projected onto the recording medium is dif- 
fracted by the diffraction grating formed by the interfer- 
ence fringes, thereby causing two-dimensional informa- 
tion to appear as reproduced information. In such a re- 
cording medium, since all of the image information car- 
ried by the signal beam is reproduced at one time, high 
speed reproduction can be realized. 
[0003] In a conventional method for recording and re- 
producing holographic information, it is normal to project 
a signal beam and a reference beam onto a record po- 
sition on a holographic recording medium with a prede- 
termined angle therebetween when information is to be 
recorded, thereby holographically recording information 
and to project the reference beam onto the record posi- 
tion on the holographic recording medium and to detect 
light transmitted through the holographic recording me- 
dium when information is to be reproduced, thereby re- 
producing information. Laser pulses for recording infor- 
mation are instantaneously projected from a laser beam 
source onto a holographic recording medium when in- 
formation is to be recorded and laser pulses for record- 
ing information are instantaneously projected from a la- 
ser beam source onto a holographic recording medium 
when information is to be reproduced, while a shutter of 
a CCD image sensor is being held open and the window 
width of the CCD image sensor is set to be narrow. 
[0004] Further, in the case where concavo-convex 
patterns are formed on a holographic recording medium 
in order to obtain servo information, when a laser beam 
for reproducing information passes through the conca- 
vo-convex patterns, since noise is superposed on a re- 
produced image due to the concavo-convex patterns, it 
is necessary to remove noise. Therefore, a method for 
reducing noise due to the structure of a holographic re- 



cording medium or surrounding light has been proposed 
(See Japanese Patent Application Laid Open No. 
13-291242). In this method, a light beam including an S 
polarized light and a P polarized light is polarizably split, 
5 a signal is added to only the S polarized light, the S po- 
larized light and the P polarized light are again merged 
to generate a light beam and the light beam is projected 
onto a holographic recording medium. When informa- 
tion is to be reproduced, images of an S polarization 
component and a P polarization component are inde- 
pendently detected and a difference signal between the 
images is obtained, thereby removing noise common to 
the S polarization component and the P polarization 
component. 

[0005] As described above, in the conventional meth- 
od for recording and reproducing holographic informa- 
tion, since laser pulses are instantaneously projected 
onto a holographic recording medium and the window 
width is correspondingly set to be narrow, liming has to 
be accurately controlled. 

[0006] Further, in the case where information is to be 
continuously recorded in or reproduced from a holo- 
graphic recording medium, accurate position control of 
a laser beam is required for moving the laser beam to a 
next record position and it is necessary to shift the po- 
sition irradiated with the laser beam so as to accurately 
coincide with each of discrete record positions where 
holographic information is to be recorded. Particularly, 
in the case of shift multiplexing, since it is necessary to 
slightly shift the laser beam, a more accurate position 
control of a laser beam is required. Therefore, clock sig- 
nals in accurate synchronism with record positions are 
required. 

[0007] Furthermore, in the case of employing a disk- 
like holographic recording medium and projecting laser 
pulses onto one point of the disk-like holographic re- 
cording medium being rotated at high speed, it is nec- 
essary to control positions irradiated with the laser puls- 
es so as to cause the position irradiated with the laser 
pulses to track the rotation of the disk-like holographic 
recording medium and return it to the original position 
when the irradiation with the laser pulses is completed. 
Specifically, it is necessary to cause an optical pickup 
to track the rotation of the disk-like holographic record- 
ing medium so that the laser beam is projected onto one 
point on the disk-like holographic recording medium and 
therefore, clock signals in more accurate synchronism 
with record positions are required. 
[0008] Moreover, in the above mentioned convention- 
al method for removing noise, since individual optical 
paths for an S polarized light and a P polarized light are 
required for separating them, the optical system inevi- 
tably becomes large. 



[0009] It is therefore an object of the present invention 
to provide a method for recording and reproducing ho- 
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lographic data and a holographic recording medium 
which can generate accurate clock signals and remove 
noise superposed on a reproduced light beam. 
[0010] The above and other objects of the present in- 
vention can be accomplished by a holographic record- 
ing and reproducing method for recording holographic 
data in and reproducing holographic data from a holo- 
graphic recording medium comprising a recording layer 
in which data are to be recorded as phase information 
of light by projecting a signal beam and a reference 
beam thereonto and an optical modulation pattern peri- 
odically formed in a direction of a track on a surface lo- 
cated on the opposite side of the recording layer as 
viewed in the direction of signal beam and reference 
beam incidence on the holographic recording medium, 
the holographic recording and reproducing method 
comprising a step of projecting a light beam for servo 
control onto the holographic recording medium so as to 
substantially focus onto the surface on which the optical 
modulation pattern is formed, thereby generating clock 
signals in synchronism with the optical modulation pat- 
tern. 

[0011] According to the present invention, accurate 
clock signals can be generated and accurate servo con- 
trol can bo achieved using the thus generated clock sig- 
nals. 

[0012] In a preferred aspect of the present invention, 
the snot diameter of the light beam on the surface on 
which the ootical modulation pattern is formed is smaller 
than a period of the optical modulation pattern. 
[0013] According to this preferred aspect of the 
present invention, more accurate clock signals can be 
generated 

[001 4] The above and other objects of the present in- 
vention car be also accomplished by a holographic re- 
cording method for recording holographic data in a ho- 
lographic recording medium comprising a recording lay- 
er in which data are to be recorded as phase information 
of light by projecting a signal beam and a reference 
beam thereonto and an optical modulation pattern peri- 
odically formed in a direction of a track on a surface lo- 
cated on the opposite side of the recording layer as 
viewed in the direction of signal beam and reference 
beam incidence on the holographic recording medium, 
the holographic recording method comprising steps of 
sequentially recording phase information along the track 
and shifting a record position along the track every in- 
teger multiple of the period of the optical modulation pat- 
tern. 

[0015] According to this aspect of the present inven- 
tion, in the case where information is reproduced using 
a light beam having a relatively large spot diameter and 
passing through the optical modulation pattern, the in- 
fluence of noise on the light beam due to the two-dimen- 
sionally superposed optical modulation pattern can be 
kept constant. 

[001 6] The above and other objects of the present in- 
vention can be also accomplished by a holographic re- 



producing method for recording holographic data in and 
reproducing holographic data from a holographic re- 
cording medium comprising a recording layer in which 
data are to be recorded as phase information of light by 
5 projecting a signal beam and a reference beam there- 
onto and an optical modulation pattern periodically 
formed in a direction of a track on a surface located on 
the opposite side of the recording layer as viewed in the 
direction of signal beam and reference beam incidence 
10 on the holographic recording medium, the holographic 
reproducing method comprising steps of projecting a 
reference beam onto the holographic recording medi- 
um, reproducing an image recorded in the holographic 
recording medium and removing noise components due 
15 to the optical modulation pattern from the thus repro- 
duced image. 

[0017] According to this aspect of the present inven- 
tion, it is possible to remove noise superposed on the 
reproduced light beam and to improve the reliability of 
recorded information. 

[0018] In a preferred aspect of the present invention, 
the noise components are removed by recording a pre- 
determined test pattern in the holographic recording me- 
dium as the phase information, reproducing the test pat- 
tern to obtain noise information and calculating a differ- 
ence between the noise information and the reproduced 
image. 

[0019] According to this preferred aspect of the 
present invention, it is possible to easily obtain the noise 
components superposed on the reproduced image and 
easily remove the noise components superposed on the 
reproduced image. 

[0020] The above and other objects of the present in- 
vention can be also accomplished, by a holographic re- 
cording medium comprising a recording layer in which 
data are to be recorded as phase information of light by 
projecting a signal beam and a reference beam there- 
onto and an optical modulation pattern periodically 
formed in a direction of a track on a surface located on 
the opposite side of the recording layer as viewed in the 
direction of signal beam and reference beam incidence 
on the holographic recording medium. 
[0021] According to this aspect of the present inven- 
tion, it is possible to generate accurate clock signals and 
remove noise components superposed on a reproduced 
light beam. 

[0022] In a preferred aspect of the present invention, 
the optical modulation pattern is constituted as a con- 
cavo-convex pattern. 

[0023] According to this preferred aspect of the 
present invention, the optical modulation pattern can be 
formed so as to have a simple physical shape. 
[0024] The above and other objects and features of 
the present invention will become apparent from the fol- 
lowing description made with reference to the accom- 
panying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0025] 

Figure 1 is a schematic diagram showing the prin- 
ciple of the holographic recording and reproducing 
that is a preferred embodiment of the present inven- 
tion. 

Figure 2 is a diagram showing intensity distribution 
of noise components superposed on a beam trans- 
mitted through a concavo-convex pattern. 
Figure 3 is a schematic partially cutaway perspec- 
tive view showing a holographic recording medium 
that is a preferred embodiment of the present inven- 
tion. 

Figure 4 is a schematic enlarged cross -sectional 
view showing a section indicated by the symbol A 
in Figure 3. 

Figure 5 is a block diagram of a holographic record- 
ing and reproducing apparatus capable of perform- 
ing a holographic recording and reproducing meth- 
od that is a preferred embodiment of the present 
invention. 

Figure 6 is a block diagram showing the configura- 
tion of the optical pickup. 

Figure 7 is a block diagram showing a configuration 
of another example of an optical pickup. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] Figure 1 is a schematic diagram showing the 
principle of the holographic recording and reproducing 
that is a preferred embodiment of the present invention. 
[0027] As shown in Figure 1 , in the holographic re- 
cording and reproducing according to this embodiment, 
a holographic recording medium 100 including at least 
a recording layer 101 in which data are recorded as 
phase information of light is employed. 
[0028] As shown in Figure 1 , the holographic record- 
ing medium 1 00 further includes a concavo-convex pat- 
tern 102 periodically formed in the direction of a track 
indicated by an arrow T. 

[0029] In this embodiment, a signal beam 103, a ref- 
erence beam 1 04 and a light beam 1 05 for servo control 
(hereinafter referred to as a "servo beam") enter the ho- 
lographic recording medium 1 00 from the opposite side 
of the concavo-convex pattern 102 as viewed from the 
recording layer 101 . 

[0030] When servo control is effected, the servo beam 
1 05 is projected onto the holographic recording medium 
100 so as to be condensed onto the concavo-convex 
pattern 102. 

[0031 ] When the servo beam 1 05 is continuously pro- 
jected along the track, since the intensity of the servo 
beam 105 is modulated by the concavo-convex pattern 
102, it is possible to generate clock signals based on 
the concavo-convex pattern 1 02 by detecting the servo 



beam 105 transmitted through the concavo-convex pat- 
tern 102. Therefore, accurate servo control can be 
achieved by recording a hologram in or reproducing a 
hologram from the holographic recording medium 100 

5 using the thus generated clock signals. 

[0032] When a hologram is to be recorded in the ho- 
lographic recording medium 100, the record position is 
precisely ascertained using the clock signal and as 
shown in Figure 1 , the signal beam 103 and the refer- 

10 ence beam 104 are overlapped in the recording layer 

101 . As a result, an interference fringe is generated in 
the recording layer 101, whereby a hologram 106 is re- 
corded in the recording layer 1 01 and data are recorded 
as phase information of light therein. 

is [0033] When a hologram is to be next recorded, the 
record position of the hologram is shifted. The distance 
of the shift of the record position is determined to be 
equal to an integer multiple of the period of the concavo- 
convex pattern 102 in order to keep the influence of 

20 noise spatially superposed on a reproduced light beam 
when data are reproduced. For example, the distance 
of the shift of the record position is set so that the optical 
axis of the reference beam 1 04 is always located at the 
center of the convex pattern. When data are recorded 

25 by shift multiplexing, the distance of the shift of the 
record position can be set similarly. 
[0034] Since the concavo-convex pattern 102 is 
formed along the track, it can be used as a tracking 
guide and it is therefore possible for an optical pickup 

30 to follow the track. 

[0035] When a hologram is to be reproduced, the ref- 
erence beam 104 is projected onto a region in the re- 
cording layer 101 where the hologram 106 is recorded 
and the reference beam 104 diffracted by the hologram 

35 1 06 is detected by a CCD image sensor 1 1 0 as a repro- 
duced light beam 104a. Since the reproduced light 
beam 1 04a passes through the concavo-convex pattern 

102, the intensity of the reproduced light beam 1 04a is 
modulated and noise is superposed thereon. Since the 

40 reproduced light beam 104a is not always condensed 
onto the concavo-convex pattern 1 02, the spot diameter 
of the reproduced light beam 104a projected onto the 
concavo-convex pattern 1 02 becomes large to some ex- 
tent. Therefore, noise due to the concavo-convex pat- 

45 tern 1 02 is superposed on the reproduced light beam 
104a. 

[0036] Figure 2 is a diagram showing intensity distri- 
bution of noise components superposed on a beam 
transmitted through the concavo-convex pattern 102. 

so [0037] As shown in Figure 2 (a), it is assumed that the 
intensity distribution of a light beam projected onto the 
holographic recording medium 100 is uniform within the 
spot thereof and that the light beam is projected onto 
the holographic recording medium 1 00 so as to be per- 

55 pendicular to the concavo-convex pattern 102. The in- 
tensity distribution of an actual light beam is Gaussian 
distribution and the spot of the light beam is defined as 
a region through which an amount of light beam equal 
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to 1/e 2 of the maximum intensity of the light beam pass- 
es. 

[0038] When such a light beam passes through the 
concavo-convex pattern 102 shown in Figure 2 (b), 
noise is superposed on the light beam transmitted 
through the concavo-convex pattern 102. Since the op- 
tical path lengths of a light beam passing through a con- 
cave portion and one passing through a convex portion 
are different from each other the intensity of the light 
beam passing through the boundary between the con- 
cave portion and the convex portion of the concavo-con- 
vex pattern 102 becomes minimum. 
[0039] As a result, as shown in Figure 2 (c), noise cor- 
responding to the period of the concavo-convex pattern 
102 is spatially superposed on the light beam transmit- 
ted through the concavo-convex pattern 102. 
[0040] Similarly, the reproduced light beam 104a 
transmitted through the concavo-convex pattern 1 02 in- 
cludes noise due to the concavo-convex pattern 102. 
However, since the period of the concavo-convex pat- 
tern 1 02 is constant and the record positions of the holo- 
grams are constant with respect to the concavo-convex 
pattern 102, noise components superposed on the re- 
produced light beam 104a due to the concavo-convex 
pattern 102 are constant. Therefore, a reproduced im- 
age free of noise components can be obtained by ac- 
quiring noise components due to the concavo-convex 
pattern 1 02 in advance, detecting the reproduced light 
beam 1 04a by a CCD image sensor to generate a re- 
produced image containing noise components and sub- 
tracting the noise component from the reproduced im- 
age. 

[0041] Figure 3 is a schematic partially cutaway per- 
spective view showing a holographic recording medium 
that is a preferred embodiment of the present invention 
and Figure 4 is a schematic enlarged cross-sectional 
view showing a section indicated by the symbol A in Fig- 
ure 3. 

[0042] As shown in Figure 3, a holographic recording 
medium 300 according to this embodiment has a disk- 
like outer shape and is formed with a hole 300x at the 
central portion thereof. The outer diameter and thick- 
ness of the holographic recording medium 300 is not 
particularly limited but, in order to enable a drive to han- 
dle the medium easily, it is preferable for the holographic 
recording medium 300 to have a diameter and thickness 
like or similar to existing optical recording media such 
as the CD, DVD and the like, i.e., an outer diameter of. 
120mm and a thickness of 1 .2 mm. 
[0043] Further, as shown in Figure 4, the holographic 
recording medium 300 includes a recording layer 301, 
an intermediate layer 301 disposed on the opposite side 
of the recording layer 101 as viewed in the direction of 
a signal beam /, a reference beam and a servo beam 
incident on the holographic recording medium 300, a 
protective layer 302 for protecting the surface of the re- 
cording layer 101 and a protective layer 303 for protect- 
ing the surface of the intermediate layer 301 . 



[0044] As described above, the recording layer 101 is 
a layer in which data are recorded as phase information 
of light, which is formed of a photosensitive material 
whose optical properties, such as refractive index, die- 

5 lectric constant, reflection coefficient and the like, vary 
with the intensity of light projected thereonto. 
[0045] The photosensitive material used for forming 
the recording layer 101 has high photosensitivity to the 
wavelengths X0 of the signal beam and the reference 

10 beam but low photosensitivity to the wavelength XI of 
the servo beam. Therefore, even if the servo beam is 
projected onto the recording layer 101, the recording 
layer 101 is not exposed. 

[0046] The intermediate layer 301 is a disk-like sub- 
15 strate formed of a material having a sufficiently high light 
transmittance with respect to at least light having a 
wavelength X0 and light having a wavelength XI , and 
optical paths of the signal beam, the reference beam 
and the servo beam are formed in the intermediate layer 
20 30 1 . The intermediate layer 30 1 serves to physically and 
chemically protect the recording layer 1 01 and as a sub- 
strate for ensuring the mechanical strength required by 
the holographic recording medium 300. 
[0047] The material for forming the intermediate layer 
25 301 preferably has a refractive index substantially equal 
to that of the recording layer 101 , in order to prevent 
reflection at the interface between itself and the record- 
ing layer 101. 

[0048] The surface of the intermediate layer 301 on 
30 the side of the protective layer 303 is formed with a pe- 
riodic concavo-convex pattern 102. 
[0049] The holographic recording medium 300 is 
formed with a spiral or concentric track and the concavo- 
convex pattern 102 is formed along the track. 
35 [0050] Figure 5 is a block diagram of a holographic 
recording and reproducing apparatus capable of per- 
forming a holographic recording and reproducing meth- 
od that is a preferred embodiment of the present inven- 
tion. 

40 [0051] As shown in Figure 5, a holographic recording 
and reproducing apparatus 400 includes an optical pick- 
up 401 for generating a signal beam, a reference beam 
and a servo beam, a focusing and tracking servo mech- 
anism 402 for controlling the focusing and tracking of 

^5 the optical pickup 401 , a seek servo mechanism 403 for 
controlling the position of the optical pickup 401 with re- 
spect to the holographic recording medium 300, a spin- 
dle servo mechanism 404 for controlling the rotation of 
the disk-like holographic recording medium 300, a sig- 

50 nal processing section 405 for processing signals output 
from the optical pickup 401 , and a controller 406 forcon- 
trolling these means. 

[0052] The signal processing section 405 is constitut- 
ed so as to process a signal obtained by projecting a 
55 servo beam onto the concavo-convex pattern in the ho- 
lographic recording medium 300 by the optical pickup 
401 and generate clock signals. The thus generated 
clock signals are input to the controller 406 and used as 
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timing clock signals. The controller 406 effects servo 
control in response the timing clock signals. 
[0053] Specifically, the controller 406 controls the 
seek servo mechanism 403 based on the timing clock 
signals so that the seek servo mechanism 403 causes 
the optical pickup 401 to track the rotation of the holo- 
graphic recording medium 300 when data are to be re- 
corded in or reproduced from the holographic recording 
medium 300 and that otherwise, the seek servo mech- 
anism 403 sets the optical pickup 401 at a next record 
or reproduction position. 

[0054] The tracking operation of the seek servo mech- 
anism 403 is in synchronism with the period of clock sig- 
nals or an integer multiple thereof. 
[0055] Address information used for identifying the 
record or reproduction position of a hologram may be 
read from address pits separately formed along the 
track or may be retained on the track by wobbly modu- 
lating the track itself, namely, the concavo-convex pat- 
tern. Further, address information may be retained in the 
holographic recording medium 300 by modulating the 
concavo-convex pattern in the depth direction thereof. 
[0056] The controller 406 controls the focusing and 
tracking servo mechanism 402 based on the timing 
clock signals so as to effect focus adjustment and track- 
ing control with respect to the concavo-convex pattern. 
Further, the controller 406 controls the spindle servo 
mechan^m 404 so that the period of the timing clock 
signals become a predetermined one, thereby adjusting 
the rotation speed of the holographic recording medium 
300. 

[0057] Accordingly, it is possible to record a hologram 
at a predetermined position of the concavo-convex pat- 
tern of tnc holographic recording medium 300 and re- 
produce a hologram recorded at a predetermined posi- 
tion of the concavo-convex pattern of the holographic 
recording medium 300. 

[0058] Further, in the case of shift multiplexing, it is 
possible to set the shift distance between neighboring 
holograms based on the timing clock signals so as to be 
equal to an integer multiple of the period of the concavo- 
convex pattern and keep the influence of noise spatially 
superposed owing to the concavo-convex pattern con- 
stant. 

[0059] Figure 6 is a block diagram showing the con- 
figuration of the optical pickup 401 . 
[0060] As shown in Figure 6, the optical pickup 401 is 
constituted as a transmission type optical pickup and in- 
cludes as an optical system for recording and reproduc- 
ing data, a laser beam source 501 for generating a laser 
beam having a wavelength X0 and containing an S po- 
larization component and a P polarization component, 
a beam expander 502, a polarizing beam splitter 503, a 
spatial light modulator (SLM) 504, a halfwave plate 505, 
a total reflective mirror 506, a Fourier transform lens 
507, a Fourier transform lens 508, a collimator lens 509 
and a CCD image sensor 510. 

[0061] Further, the optical pickup 401 includes as an 



optical system for servo control a laser beam source 51 1 
for generating a laser beam having a wavelength A.1 , a 
collimator lens 512, a condenser lens 513 and a photo- 
detector (PD)514. 
s [0062] The laser beam source 501 for recording and 
reproducing data generates laser pulses in synchronism 
with the clock signals or the integer multiple thereof. A 
light beam generated by the laser beam source 501 for 
recording and reproducing data passes through the 
beam expander 502, whereby the beam diameter there- 
of is expanded and is made a parallel beam and enters 
the polarizing beam splitter 503. The polarizing beam 
splitter 503 causes an S polarization component of the 
incident light beam to pass therethrough and reflects a 
P polarization component, thereby splitting the light 
beam into two light beams. The one of the thus split light 
beams consisting of the S polarization component then 
enters the spatial light modulator (SLM) 504. 
[0063] The spatial light modulator 504 has a large 
number of pixels arranged in a matrix and spatially mod- 
ulates the intensity of the light beam by selectively pass- 
ing or blocking the light beam at each pixel, thereby gen- 
erating a signal beam carrying information. A liquid crys- 
tal device or a DMD (digital micro-mirror device), for ex- 
ample, can be employed as the spatial light modulator 
504. 

[0064] When data are to be recorded in the holo- 
graphic recording medium 300, a signal beam 103 hav- 
ing a predetermined pattern is generated by selectively 
turning on or off the pixels of the spatial light modulator 
504 in accordance with data to be recorded. The signal 
beam 100 emitted from the spatial light modulator 504 
is condensed by the Fourier transform lens 507 onto the 
holographic recording medium 300. 
[0065] On the other hand, the other of the split light 
beams consisting of the P polarization component is 
transformed by the halfwave plate 505 into a light beam 
consisting of an S polarization component, like the first- 
mentioned light beam. Then, this second light beam is 
reflected by the total reflective mirror 506 and passes 
through the Fourier transform lens 508 to be projected 
onto the holographic recording medium 300 as a refer- 
ence beam 1 04. 

[0066] The signal beam 1 03 and the reference beam 
104 are overlapped in the recording layer 101 of the ho- 
lographic recording medium 300 to form an interference 
pattern, thereby recording a hologram 1 06 in the record- 
ing layer 1 01 of the holographic recording medium 300. 
[0067] When data are to be reproduced, all of the pix- 
els of the spatial light modulator 504 are turned off, 
thereby blocking the signal beam. 
[0068] Therefore, the light beam generated by the la- 
ser beam source 501 for recording and reproducing da- 
ta, passing through the beam expander 502, the polar- 
izing beam splitter 503, the spatial light modulator 504 
and the halfwave plate 505, reflected by the total reflec- 
tive mirror 506 and passing through the Fourier trans- 
form lens 508 is projected on the holographic recording 
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medium 300 as a reference beam 104. 
[0069] The reference beam 1 04 Is diffracted by the in- 
terference pattern formed in the recording layer 101 in 
the direction of the optical axis of the signal beam 1 03 
to be transmitted through the holographic recording me- 
dium 300 and the intensity of the reference beam 104 
is modulated by the interference pattern to generate a 
reproduced light beam 104a carrying information. The 
reproduced light beam 104a passes through the colli- 
mator lens 509 and is projected onto the CCD image 
sensor 510. 

[0070] The CCD image sensor 510 is constituted so 
that the shutter thereof is opened and closed in re- 
sponse to the emitting of the light beam from the laser 
beam source 501 for recording and reproducing data. 
Therefore, the timing of the CCD image sensor 510 im- 
aging is also in synchronism with the period of the clock 
signals or the integer multiple thereof. 
[0071] Since the reference beam 104 has a relatively 
large spot diameter when it passes through the conca- 
vo-convex pattern 1 02 in the holographic recording me- 
dium 300, a predetermined noise component is spatially 
superposed on a reproduced light beam 1 04a due to the 
concavo-convex pattern 102. Since the noise compo- 
nent can be acquired in advance, noise can be removed 
by subtracting in advance the noise component from a 
reproduced image detected by the CCD image sensor 
51 0. As described above, the noise processing is effect- 
ed by the signal processing section 405 and the control- 
ler 406. 

[0072] The noise component can be acquired in ad- 
vance in the following manner. 

[0073] A predetermined test pattern image is first re- 
corded in the holographic recording medium 300 as 
phase information. 

[0074] Then, the test pattern image is reproduced and 
the thus reproduced test pattern image is compared with 
the recorded test pattern image, whereby difference 
therebetween is calculated to be stored in a memory. 
The thus stored difference is used as noise information. 
[0075] When servo control is effected, all of the pixels 
of the spatial light modulator 504 are turned off, thereby 
blocking the signal beam. 

[0076] Therefore, the servo beam 105 generated by 
the laser beam source 511 passes through the collima- 
tor lens 512, whereby it is made parallel and passes 
through the polarizing beam splitter 503 and the 
halfwave plate 505. The servo beam 105 is further re- 
flected by the total reflective mirror 506, passes through 
the Fourier transform lens 508 and is projected onto the 
holographic recording medium 300. 
[0077] The servo beam 105 transmits through the ho- 
lographic recording medium 300 and is condensed by 
the condenser lens 513 onto the photo-detector 514. 
The photo-detector 514 generates servo signals modu- 
lated in accordance with the intensity of the servo beam 
105. 

[0078] The servo beam 1 05 is substantially focused 



onto the concavo-convex pattern 102 in the holographic 
recording medium 300 and the intensity thereof is mod- 
ulated by the concavo-convex pattern 102. The optical 
path lengths of a light beam passing through a concave 
5 portion and one passing through a convex portion are 
different from each other, so that when the servo beam 
105 passes through the concavo-convex pattern 102 
with one half portion thereof passing through the con- 
cave portion and the other half portion thereof passing 
10 through the convex portion, the intensity of the servo 
beam becomes minimum. Therefore, a servo signal 
whose intensity is modulated in accordance with the pe- 
riod of the concavo-convex pattern 1 02 can be obtained 
from the photo-detector 514, thereby reproducing the 
is clock signals. 

[0079] Figure 7 is a block diagram showing a config- 
uration of another example of an optical pickup. 
[0080] An optical pickup 600 shown in Figure 7 is con- 
stituted as a reflection type and includes an optical sys- 
20 tern for recording and reproducing data and an optical 
system for servo control similar to those of the optical 
pickup 401 shown in Figure 6 but is different therefrom 
in that a signal beam 103 is projected on a holographic 
recording medium 300 from the opposite direction to 
that in which a reference beam 1 04 enters, namely, from 
the reverse side of the holographic recording medium 
300. 

[0081] As shown in Figure 7, a light beam generated 
by the laser beam source 501 for recording and repro- 
ducing data passes through the beam expander 502, 
whereby the spot diameter thereof is expanded and is 
made a parallel beam and enters the polarizing beam 
splitter 503. The polarizing beam splitter 503 causes an 
S polarization component of the incident light beam to 
pass therethrough and reflects a P polarization compo- 
nent, thereby splitting the light beam into two light 
beams. One of the thus split light beams of the S polar- 
ization component then enters the spatial light modula- 
tor (SLM) 504. 

[0082] When data are to be recorded in the holo- 
graphic recording medium 300, a signal beam 103 hav- 
ing a predetermined pattern is generated by selectively 
turning on or off the pixels of the spatial light modulator 
504 in accordance with data to be recorded. The signal 
beam 100 emitted from the spatial light modulator 504 
is reflected by a total reflective lens 520, whereby the 
direction thereof is changed and is condensed by the 
Fourier transform lens 507 onto the holographic record- 
ing medium 300. 

[0083] On the other hand, the other of the split light 
beams consisting of the P polarization component is 
transformed by the halfwave plate 505 into a light beam 
consisting of an S polarization component, like the first- 
mentioned light beam. Then, this second light beam is 
reflected by the total reflective mirror 506 and passes 
through the Fourier transform lens 508 to be projected 
onto the holographic recording medium 300 as a refer- 
ence beam 1 04. 
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[0084] The signal beam 1 03 and the reference beam 

1 04 overlap in the recording layer 1 01 of the holographic 
recording medium 300 to form an interference pattern, 
thereby recording a hologram 1 06 in the recording layer 
101 of the holographic recording medium 300. 5 
[0085] Since the signal beam 103 has a relatively 
large spot diameter when it passes through the conca- 
vo-convex pattern 1 02 in the holographic recording me- 
dium 300, a predetermined noise component is spatially 
superposed on the signal beam 1 04 due to the concavo- 
convex pattern 102. Therefore, the interference pattern 
generated by the signal beam 103 and the reference 
beam 104 also contains a noise component. 
[0086] When data are to be reproduced, all of the pix- 
els of the spatial light modulator 504 are turned off, 
thereby blocking the signal beam. 
[0087] The light beam generated by the laser beam 
source 501 for recording and reproducing data therefore 
passes through the beam expander 502, the polarizing 
beam splitter 503, the spatial light modulator 504 and 
the halfwave plate 505, is reflected by the total reflective 
mirror 506 and passes through the Fourier transform 
lens 508 to be projected on the holographic recording 
medium 300 as a reference beam 104. 
[0088] The reference beam 1 04 is diffracted by the in- 
terference pattern formed in the recording layer 101 in 
the direction of the optical axis of the signal beam 1 03 
to be reflected by the holographic recording medium 300 
and the intensity of the reference beam 1 04 is modulat- 
ed by the interference pattern to generate a reproduced 
light beam 104a carrying information. A noise compo- 
nent is superposed on the reproduced light beam 104a. 
The reproduced light beam 104a passes through the 
collimator lens 509 and is projected onto the CCD image 
sensor 510. 

[0089] Since the noise component superposed on the 
reproduced light beam 104a can be acquired in ad- 
vance, noise can be removed by subtracting in advance 
the noise component from the reproduced image detect- 
ed by the CCD image sensor 51 0. The noise processing 
is effected by the signal processing section 405 and the 
controller 406. 

[0090] When servo control is effected, all of the pixels 
of the spatial light modulator 504 are turned off, thereby 
blocking the signal beam. 

[0091] Therefore, the servo beam 105 generated by 
the laser beam source 511 passes through the collima- 
tor lens 512, whereby it is made parallel, and passes 
through the polarizing beam splitter 503 and the 
halfwave plate 505. The servo beam 105 is further re- 
flected by the total reflective mirror 506, passes through 
the Fourier transform lens 508 and is projected onto the 
holographic recording medium 300. The servo beam 

105 transmits through the holographic recording medi- 
um 300 and is condensed by the condenser lens 513 
onto the photo-detector 514. The photo-detector 514 
generates servo signals modulated in accordance with 
the intensity of the servo beam 105. 



[0092] The servo beam 105 is substantially focused 
onto the concavo-convex pattern 1 02 in the holographic 
recording medium 300 and the intensity thereof is mod- 
ulated by the concavo-convex pattern 102. Therefore, 
a servo signal whose intensity is modulated in accord- 
ance with the period of the concavo-convex pattern 1 02 
can be obtained from the photo-detector 514, thereby 
reproducing the clock signals. 

[0093] The present invention has thus been shown 
and described with reference to specific embodiments. 
However, it should be noted that the present invention 
is in no way limited to the details of the described ar- 
rangements but changes and modifications may be 
made without departing from the scope of the appended 
claims. 

[0094] For example, the above embodiments were 
explained with respect to disk-like holographic recording 
media. However, the holographic recording medium is 
not particularly limited and any of various types of holo- 
graphic recording media such as card-like, block-like, 
stick-like or the like can be selected. 
[0095] Further, the above embodiments were ex- 
plained with respect to rotating disk-like holographic re- 
cording media. However, it is not absolutely necessary 
for a disk-like holographic recording medium to rotate 
and the holographic recording medium may be kept sta- 
tionary. For example, it is possible to apply the present 
invention to a configuration wherein a card-like holo- 
graphic recording medium is fixed upon insertion into a 
card slot and only the optical pickup is moved. 
[0096] Furthermore, in the above described embodi- 
ments, the concavo-convex pattern is formed along a 
track in the holographic recording medium. However, it 
is not absolutely necessary to form the concavo-convex 
pattern along a track in the holographic recording medi- 
um and, instead of the concavo-convex pattern, it is pos- 
sible to form the holographic recording medium with a 
pattern whose refractive index, light absorbance or re- 
flectivity varies. 

[0097] Moreover, in the above described embodi- 
ments, the concavo-convex pattern is formed in the ho- 
lographic recording medium so that both the light beam 
having a wavelength X0 and the light beam having a 
wavelength X1 can transmit therethrough. However, it is 
not absolutely necessary for the concavo-convex pat- 
tern to be formed in the holographic recording medium 
so thai both the light beam having a wavelength X.0 and 
the light beam having a wavelength X.1 can transmit 
therethrough and if an optical system for servo control 
is disposed on the side of a servo beam, the concavo- 
convex pattern can be formed so that only a light beam 
having a wavelength X0 passes therethrough and alight 
beam having a wavelength X1 is reflected thereby. 
[0098] According to the present invention, it is possi- 
ble to provide a method for recording and reproducing 
holographic data and a holographic recording medium 
which can generate accurate clock signals and remove 
noise superposed on a reproduced light beam. 
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Claims 

1. A holographic recording and reproducing method 
for recording holographic data in and reproducing 
holographic data from a holographic recording me- 5 
dium comprising a recording layer in which data are 

to be recorded as phase information of light by pro- 
jecting a signal beam and a reference beam there- 
onto and an optical modulation pattern periodically 
formed in a direction of a track on a surface located 10 
on the opposite side of the recording layer as 
viewed in the direction of signal beam and reference 
beam incidence on the holographic recording me- 
dium, the holographic recording and reproducing 
method comprising a step of projecting a light beam is 
for servo control onto the holographic recording me- 
dium so as to substantially focus onto the surface 
on which the optical modulation pattern is formed, 
thereby generating clock signals in synchronism 
with the optical modulation pattern. 20 

2. A holographic recording and reproducing method in 
accordance with Claim 1 , wherein the spot diameter 
of the light beam on the surface on which the optical 
modulation pattern is formed is smaller than a peri- 25 
od of the optical modulation pattern. 

3. A holographic recording method for recording holo- 
graphic data in a holographic recording medium 
comprising a recording layer in which data are to be 30 
recorded as phase information of light by projecting 

a signal beam and a reference beam thereonto and 
an optical modulation pattern periodically formed in 
a direction of a track on a surface located on the 
opposite side of the recording layer as viewed in the 35 
direction of signal beam and reference beam inci- 
dence on the holographic recording medium, the 
holographic recording method comprising steps of 
sequentially recording phase information along the 
track and shifting a record position along the track 40 
every integer multiple of the period of the optical 
modulation pattern. 

4. A holographic reproducing method for reproducing 
holographic data from a holographic recording me- 
dium comprising a recording layer in which data are 
to be recorded as phase information of light by pro- 
jecting a signal beam and a reference beam there- 
onto and an optical modulation pattern periodically 
formed in a direction of a track on a surface located so 
on the opposite side of the recording layer as 
viewed in the direction of signal beam and reference 
beam incidence on the holographic recording me- 
dium, the holographic reproducing method com- 
prising steps of projecting a reference beam onto 55 
the holographic recording medium, reproducing an 
image recorded in the holographic recording medi- 
um and removing noise components due to the op- 



tical modulation pattern from the thus reproduced 
image. 

5. A holographic reproducing method for reproducing 
holographic data from a holographic recording me- 
dium in accordance with Claim 4, wherein the noise 
components are removed by recording a predeter- 
mined test pattern in the holographic recording me- 
dium as the phase information, reproducing the test 
pattern to obtain noise information and calculating 
a difference between the noise information and the 
reproduced image. 

6. A holographic recording medium comprising a re- 
cording layer in which data are to be recorded as 
phase information of light by projecting a signal 
beam and a reference beam thereonto and an op- 
tical modulation pattern periodically formed in a di- 
rection of a track on a surface located on the oppo- 
site side of the recording layer as viewed in the di- 
rection of signal beam and reference beam inci- 
dence on the holographic recording medium. 

7. A holographic recording medium in according with 
Claim 6, wherein the optical modulation pattern is 
constituted as a concavo-convex pattern. 
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